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摘要 
利用 ZnO 半导体材料作为光催化剂降解有机染料的研究一直受到广泛的关
注，为了使催化剂能更好地分散于水中，更好的接触水中的染料分子，催化剂
通常制备成粉末状，但是粉末状的催化剂溶于水中不便回收，这有可能造成水
的二次污染。为了解决这个问题，我们尝试将 ZnO以纳米线形式长在 Si纳米线
阵列表面，构成分级结构 ZnO/Si 纳米线阵列，可以极大地扩展样品的比表面
积，增加其对光的吸收，并且增加与有机染料的接触面积。同时，ZnO/Si 异质
结构有利于电荷在界面处的分离，减少载流子复合，而 Si 作为窄禁带半导体材
料，可以吸收可见光波段的光子，加强对太阳光的吸收利用。为了研究分级结
构 ZnO/Si纳米线阵列的生长机制及其催化性能，我们做了以下研究工作： 
首先，研究了 Si 纳米线阵列的生长机制。利用化学湿法刻蚀，用
AgNO3/HF 溶液制备 Si 纳米线阵列。通过改变溶液中 HF 的浓度、反应温度和
反应时间，测试这些条件对 Si 纳米线阵列结构的影响，结果发现反应温度为
50℃左右能制备出形貌较好的 Si 纳米线阵列，而提高 HF 浓度和增加反应时
间，能使制备出来 的 Si纳米线变长。 
其次，研究了 ZnO 纳米线的生长机制。用水热法制备，通过对比原子层沉
积仪和磁控溅射仪制备 ZnO 籽晶层时两种样品的形貌、XRD 光谱、PL 谱、漫
反射光谱，发现用原子层沉积仪制备籽晶层的样品，ZnO 纳米线能完全包覆 Si
纳米线阵列表面，ZnO 尺寸均匀并具有较小直径，而且结晶度更高、缺陷较
少、光吸收能力更强。 
随后，应用 Si 纳米线阵列和用两种方法制备籽晶层的样品做了光催化降解
亚甲蓝染料（MB）溶液的测试，发现三种样品都能降解 MB染料分子，但用原
子层沉积仪制备籽晶层的分级结构 ZnO/Si 纳米线阵列降解性能最高，但光腐蚀
会导致降解效率降低。经过分析，我们推导了 ZnO和 Si降解 MB染料分子的机
制：光生电子与样品表面的氧气分子（O2）形成超氧阴离子自由基，该基团可
以矿化 MB 染料分子，而光生空穴对于 MB 染料的降解作用不大，它会使 ZnO
在水中溶解，也会使 Si表面改性，使得样品的降解性能降低。 
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最后，我们尝试了在分级结构 ZnO/Si纳米线阵列表面包覆 Al2O3和 TiO2保
护层，希望在起到在降解过程中防止 ZnO 纳米线溶解的作用。但实验结果发
现，应用这些保护层会妨碍降解行为的发生，并且会溶解水中，露出 ZnO 纳米
线。  
关键词：Si纳米线阵列；ZnO纳米线；光催化降解 
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Abstract 
Research on ZnO semiconductor as photocatalyst for degradation of organic dyes 
has been receiving much attention. In order to make catalyst better disperse in water 
and better contact with dyes, the catalyst is usually prepared in powder structure. 
However, powder-like catalyst is difficult to recycle, which may cause secondary 
pollution. To resolve this problem, we attempted to grow zinc oxide (ZnO) nanowires 
onto the surface of  silicon (Si) nanowire arrays, forming ZnO/Si nanowire arrays 
with hierarchical structure, which greatly expands the specific area of the samples and 
increases absorption of light and contacting area with dyes. Meanwhile, 
heterostructure of ZnO/Si is conducive to the separation of photo-induced carriers at 
the interface. Si is a kind of narrow bandgap semiconductor, which can absorb visible 
region of sunlight and improve the utilization rate of sunlight. In order to understand 
the growth mechanism and photocatalytic activity of hierarchical structure ZnO/Si 
nanowire arrays, we performed research as follows, 
Firstly, the growth mechanism of Si nanowire arrays was studied. The arrays 
were prepared by wet chemical method with AgNO3/HF aqueous solution. The effect 
of several parameters, including reaction temperature, concentration of HF, and 
reaction period, were checked on the growth of Si nanowire arrays. The results 
showed that 50 ℃ was an appropriate temperature to grow Si nanowire arrays, and 
increasing concentration of HF and react period would result in increase in the length 
of  Si nanowires.  
Secondly, the growth mechanism of ZnO nanowires was studied. The nanowires 
were synthesized by hydrothermal method in different seeding processes, including  
atomic layer deposition and magnetron sputtering. The morphology, XRD pattern, PL 
spectrum, and diffuse diffraction spectrum of the  two kinds of samples were 
characterized and compared with each other. The results showed that the hierarchical 
structure with seed layer prepared by atomic layer deposition presented a better 
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crystalline, smaller size, less defects, and better absorption of light. The ZnO 
nanowires of this specimen uniformily covered the whole surface of Si nanowire.  
Thirdly, comparison of photocatalytic activity of Si nanowire arrays and of 
hierarchical ZnO/Si nanowire arrays in two different seeding methods was conducted. 
Methylene blue (MB) dyes aqueous solution was chosen as a target in the degradation 
experiment. It was found that hierarchical structure ZnO/Si nanowire arrays in atomic 
layer deposition had the best performance. However, ZnO nanowires suffered from 
photocorrosion, which resulted in the decrease of photo-degradation efficiency. The 
mechanism of photodegradation of MB by Si and ZnO/Si nanowire arrays was 
deduced. The superoxide anion radical formed by photo-induced electron and oxygen 
molecule adsorption on the surface of catalyst mineralized MB, while photo-induced 
holes made little contribution to degradation of MB. The latter case would result in 
dissolution of ZnO and modification of Si surface, which leaded to decrease of photo-
degradation efficiency. 
Finally, in order to protect ZnO nanowires from dissolution in the process of 
photodegradation, a thin layer of aluminium oxide (Al2O3) as well as titanium oxide 
(TiO2) was covering on the surface of  ZnO/Si nanowire arrays. However, these 
protective layers would also dissolve. What’s worse, they would hinder MB 
photodegradation from catalyst ZnO nanowires.  
Keywords: Si nanowire arrays; ZnO nanowires; Photocatalytic degradation 
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